abstract the coding sequences (Cds) of TFAM and TFB2M genes from Jiaxing Black Pig (JBP) were first obtained by rt-pCr and dna-seq in the present study. sequence analyses showed that the TFAM gene contains a 741-bp Cds region encoding 246 amino acids sharing a 100% homology with the sequence on nCBi, while TFB2M gene contains a Cds region of 1176 bp encoding 391 amino acids with two missense mutations. the results of quantitative real-time pCr for TFAM and TFB2M revealed that transcripts of the genes were both presented at the highest levels in spleen tissue followed by liver tissue, while the least levels in longissimus dorsi muscle (ldm), and obviously the higher levels in two adipose tissues than those in ldm tissue (p<0.01). meanwhile, a total of forty-two JBps were employed in this experiment to investigate the effect of these two genes on the carcass, meat quality traits and flavor substances such as fatty acids, intramuscular fat (IMF) in ldm. as expected, some strong correlations of gene expression abundance of TFAM and TFB2M mrna in particular tissues such as liver and ldm with carcass and meat quality traits including marbling score, as well as the content of saturated fatty acid (sfa), in JBp were found. key words: cloning, Jiaxing Black pig, TFAM and TFB2M, mrna expression, carcass and meat quality traits
Jiaxing Black Pig (JBP), one native member of Taihu pig currently classified into six sub-breeds (namely, Meishan, Jiaxing Black, Fengjing, Shawutou, Erhualian, and Mizhu) according to the most recently reported classification of Chinese indigenous swine breeds (China National Commission of Animal Genetic Resources, 2011), has been renowned for its high prolificacy and excellent meat quality characteristics (Wang et al., 2017) . *These authors contributed equally to this work. TFAM (mitochondrial transcription factor A, mtTFA) and TFB2M (mitochondrial transcription factor B2) compose the mitochondrial transcription basic machine along with TFB1M (mitochondrial transcription factor B1) and POLRMT (mitochondrial RNA polymerase) (Falkenberg et al., 2002; Fisher and Clayton, 1988) . TFAM binding to mitochondrial DNA (mtDNA), a high mobility group class protein encoded by the nuclear genome, protects a region 14-35 bp upstream of the light strand promoter transcription start site, and assists in assembly of the initiation complex by attracting POLRMT and other transcription factors (Dairaghi et al., 1995) . TFB2M regulating mitochondrial transcription, a bifunctional protein encoded by the nuclear genome, is one of the rRNA methyltransferases, whose expression is strictly regulated by nuclear transcription factors, such as NRF-1, NRF-2 and PGC-1α (Yakubovskaya et al., 2010; Rebelo et al., 2011) . However, some studies demonstrated that only TFAM, TFB2M and POLRMT are required for initiation of transcription of mtDNA since TFB2M as a transcription factor has much more activity than TFB1M (Litonin et al., 2010; Rantanen et al., 2003) .
In recent years, the number of investigations on the effect of TFAM and TFB2M genes on animals' production have been increasing due to the biological functions of the said genes in relation to a number of traits which have proven to be of economic significance. In the studies on cattle, two SNPs situated in the promoter region of TFAM gene were revealed to have significant impacts on marbling and subcutaneous fat depth and to cause changes of transcription factor binding sites associated with fat deposition and energy metabolism (Jiang et al., 2005) and three nuclear-encoded mitochondrial genes such as TFAM, FABP4 and mitochondrial polymerase A were found to be significantly associated with marbling (Jiang et al., 2009) . Fernandez et al. (2008) demonstrated that the polymorphism of mtDNA had an effect on the meat quality traits such as IMF and protein content in Iberian pigs. Cui et al. (2015) studied the expression of TFB2M gene in Guizhou white goat tissues, speculating that the gene may play a role in fat deposition based on previous studies.
However, thus far, little is known about TFAM and TFB2M genes related to meat quality traits in JBP. Our investigation aimed to find potential favorable molecular markers or candidate genes involved with pork quality, which could provide a future theoretical basis for improving pork quality and speeding up the JBP breeding process.
material and methods experimental animals and tissue collection
The research was undertaken in strict accordance with institutional guidelines proposed by the China Council on Animal Care. All animal procedures were conducted with the approval of the Laboratory Animal Center of Zhejiang University (Hangzhou, China). Data was obtained from the forty-two healthy pigs of similar weight (71±2 kg) and age (210±5 days) provided by Zhejiang Qinglian Food Co., Ltd. Upon reaching commercial slaughter weight the selected animals were then fasted, leaving them with access only to water. The live weight (LW) was determined 24 h prior to slaughtering at a commercial abattoir. Fresh samples of heart, liver, spleen, lung, stomach, LDM, abdominal (AF) and subcutaneous (SF) fat tissues of JBP were harvested immediately after slaughter. The samples were stored in liquid nitrogen and then stored at -80°C for RNA extraction.
traits measurement
Recordings made for each carcass included the chilled carcass weight (CCW) after being kept at a temperature of 4°C for 24h. The weight of various carcass components (lean, bone and subcutaneous fat including skin) were recorded. The dressing out percentage (DOP), bone, lean and fat ratios were calculated, respectively. The average back fat thickness (BFT) was determined in the midline on the scapula back edge, last rib and last lumbar vertebrae with a sliding caliper, while the skin thickness (ST) at the 6~7 rib of the centerline of the carcass, and simultaneously the fat thickness (FT 6~7 ) was recorded at this point. Ham-to-Carcass Ratio (HCR) was assessed by recording left ham weight and calculating the percentage of ham. The loin eye muscle area (LEMA) was evaluated at the last rib of vertical LDM cut by tracing its surface area covered with cross section of sulfuric acid paper.
The LDM adjacent to the last rib was taken for evaluating meat quality traits. The pH at 45 min post mortem in LDM was also measured by pH-Star (Matthäus, Germany) at the level of the 6th rib and recorded. The water holding capacity (WHC) was estimated according to filter paper fluid uptake as described by Kauffman et al. (1986) . Meat color and marbling scores were subjectively evaluated based on color standard (1 = pale; 6 = dark) and marbling grade standards provided by US National Pork Procedures Council (NPPC). A reflectance spectrophotometer (X-Rite SP64, USA) was used to measure the lightness (L*) and two color coordinates (redness, a*; yellowness, b*). Tenderness of the meat was measured through Warner-Bratzler shear force value expressed as kg of force (kgf).
Measurements of flavor substances
Content of inosinic acids (IMP) extracted with 0.5 M perchloric acid from meat ground in liquid nitrogen was detected using high-performance liquid chromatography (HPLC) and calculated according to peak areas of sample fluid and the standard liquid. IMF content of LDM tissue was extracted and examined according to the procedures of AOAC (1990) . Fatty acid composition was analyzed by gas chromatography (Agilent 6820, Agilent Technologies, USA) according to the method described by Yang et al. (2005) . Amino acid composition of the muscle powder was analyzed using ion-exchange chromatography with an automatic amino acid analyzer (S-433D Sykam Automatic Amino Acid Analyzer, Germany).
total rna extraction and cdna preparation Total RNA was isolated from JBP tissue samples with TRIZOL reagent (Invitrogen Corporation, Carlsbad, California) according to the instructions of the manufacturer. For each sample, 1 µg of qualified total RNA was used to be reversely transcribed into the first cDNA using Prime Script™ RT reagent Kit with gDNA Eraser (Takara Biotechnology Co. Ltd., Dalian, China).
Cloning and sequence analyses of Cds of TFAM and TFB2M genes Two sets of gene-specific primers of the genes were designed with Primer 5.0 according to the TFAM gene sequences (GenBank accession No. NM_001130211.1) and TFB2M gene sequences (GenBank accession XM_021064472.1). The forward and the reverse primers of two genes (TFAM-F1: TTGCGAGTTCAAGTCGT-CAT, TFAM-R1: GGTTTCTCGTGTCTATCCAT; TFB2M-F1: GTGGGTCGTC-CTGTATGG, TFB2M-R1: ACACATGGCACAGGGAGA) were synthesized by TSINGKE Biotech Co. Ltd. (Beijing, China). The expected amplicon lengths of TFAM and TFB2M were 943 bp and 1723 bp, respectively. The PCR products were identified with 1% agarose gel electrophoresis and then the purified PCR products using DNA Gel extraction kit (Takara, China) were cloned into the pMD19-T Simple Vector and sequenced (TSINGKE, China).
The sequencing results of the genes were analyzed by Seqman in DNASTAR (DNASTAR, Inc., Wisconsin, USA) software. The open reading frames (ORF) were found using the ORF Finder (www.ncbi.nlm.nih.gov/gorf/). The analysis of the conserved domain was conducted by SMART search program (http://smart.emblheidelberg.de/).
quantitative real-time pCr (qrt-pCr)
The expression levels of TFAM and TFB2M of nine different tissue samples taken from the selected (JBP) animals were determined by qRT-PCR assay. Primers of the target genes were designed according to the TFAM and TFB2M mRNA sequence cloned. The glyceraldehyde phosphate dehydrogenase (GAPDH), a housekeeping gene, was selected as an internal control and amplified with primers designed based on the gene sequence (GenBank NM_001206359.1) ( Table 1 ). The SYBR Green qRT-PCR assay was performed on a qRT-PCR machine (ABI700 Real-Time System, USA). Melting curve analyses were performed at the end of PCR to check the specificity of the PCR reaction. For each tissue, qRT-PCR amplification was performed in triplicate. 
TFAM-RT-R TGCATCTGGGTTCTGAGCTT

TFB2M-RT-F TGGATTCCTGACACGAGCAT 60 175
TFB2M-RT-R AGGTGTTAGGGCTCCATGAC
GAPDH-RT-F
ACTCACTCTTCTACCTTTGATGCT 60 100
GAPDH-RT-R TGTTGCTGTAGCCAAATTCA
statistical analysis
Final relative quantification of target gene expression was calculated utilizing the 2 −∆∆CT method (Livak and Schmittgen, 2001 ). All experimental data are presented as the mean ±standard error, analyzed by One-Way ANOVA procedure of SPSS 20.0.
Comparisons of the mRNA expression values of the genes among tissues were made by the least significant difference (LSD) and the Duncan test as appropriate. Differences were considered significant when P<0.05. Finally, the correlation coefficients of TFAM and TFB2M mRNA expression with the carcass and meat quality traits of JBP were also analyzed by bivariate correlation of SPSS software, respectively.
results
Cloning and sequence analyses of the Cds of TFAM and TFB2M
The cloned PCR products of TFAM and TFB2M are 943bp and 1723bp in length with CDS regions of 741bp and 1176bp encoding 246 amino acids and 391 amino acids, respectively. Sequencing analyses found that CDS of TFB2M gene of JBP shares a 99.57% homology with the nucleotide sequence of Sus scrofa CDS region submitted on NCBI. There were five mutations detected in CDS of TFB2M in JBP (Accession number:MK105895), including G294A, G552C, G984A, G985A and G1012A, but with only two amino acids changing both from valine to isoleucine at 329th and 338th site (Figure 1 and 2). The TFAM protein of JBP contains twenty kinds of amino acids, of which the highest proportion of Lysine is 12.2%, and the lowest proportion of Histidine is 0.4%. For TFB2M protein also consists of twenty kinds of amino acids, in which Leucine accounts for the highest content of 11.3% and Tryptophan for the lowest content of 1.3%. It was also found that there are two HMGs (high mobility group protein) at the locations between 49-119 and 154-220 amino acid residues, in TFAM protein, and a signal peptide at front of the first domain (Figure 3 a) . However, the only one domain of ribosomal RNA adenine dimethylases (rADc) was found in TF-B2M protein (Figure 3 b) . TFAM and TFB2M mrna expression Quantitative real-time PCR normalized against GAPDH levels analyses showed the abundance of TFAM and TFB2M transcript of nine tissues in JBP (Figure 4 ). The analysis revealed that TFAM and TFB2M were both expressed in all detected tissues with the highest mRNA levels observed in spleen followed by liver, and the lowest level in LDM. And mRNA expression intensity of the two genes in different tissues tended to be spleen > liver > SF, AF > kidney> stomach, lung, heart > LDM in general. All the data was only compared at the level of high significance considering the variety of these tissues. For instance, when compared to the levels of TFAM expression in heart, lung and LDM, the ones in liver, spleen, AF and SF were significantly higher (P<0.01).
the correlations of TFAM&TFB2M expression profiles with carcass traits
The correlations of TFAM and TFB2M expression levels of JBP with their carcass traits (Table 2) were analyzed by SPSS as shown in Table 3 and Table 4 . There were significantly negative correlations between TFAM mRNA expression in liver and BFT along with FT 6~7 (P<0.01). The expression levels of the TFAM gene in AF as well as SF were highly negatively correlated with LW, CCW, LP and LEMA, whereas strongly positively with FP (P<0.05), respectively. Remarkably negative correlations between TFAM mRNA expression levels, ST and FT 6~7 were observed in LDM. With respect to TFB2M, the mRNA expression in AF was significantly negative in relation to BFT (P<0.05) as well as FT 6~7 (P<0.05) that also was found to be obviously linked with mRNA expression in SF (P<0.05). Lastly, there was a distinctly negative correlation found between ST and TFB2M mRNA expression in LDM (P<0.05). The results exhibited in Table 5 revealed that the expression of the TFAM in AF was positively correlated with WHC with reaching the statistical significance (P<0.05). However, the TFAM and TFB2M expression level in LDM were both intensely correlated with marbling score in a negative way (P<0.05). Interestingly, TFB2M expression in LDM was found to be strongly corresponded with shear force value, L* value (P<0.05) and b* value (P<0.01) in Table 6 . 
the correlations of TFAM and TFB2M expression profiles with the contents of flavor substances
The association of partial flavor ingredients in LDM of JBP including IMP, IMF, Glu and oleic acid (C 18:1 ) and so forth with two gene expression levels detected in the tissues were analyzed and shown in Table 7 and Table 8 . The results clearly showed that the correlation coefficients of TFAM expression level in AF, SF and LDM with C 18:1 and TUFA were all negatively significant, while the opposite occurred with SFA contents (P<0.05). There was also a prominently positive correlation detected between palmitic acid (C 16:0 ) content, a primary kind of SFA, and the expression of TFAM mRNA in SF (P<0.05). Unexpectedly, distinctly negative correlation coefficients between the expression of TFAM, in liver and LDM, and IMP level were observed (P<0.05). Moreover, we also noticed that the levels of TFB2M and TFAM mRNA expression in LDM were all highly positively linked with the content of IMF (P<0.05). . IMP = inosinic acid; IMF = intramuscular fat; Glu = glutamic acid; TAA = total amino acid; C 16:0 = palmitic acid; C 18:1 = oleic acid; SFA = saturated fatty acid; TUFA = total unsaturated fatty acid. 
discussion
To our knowledge, this present article represents the first cloning and characterization of full CDS regions of TFAM and TFB2M obtained from JBP. There were five mutations in nucleotide sequences, though only with two missense mutations located in amino acid sequences that were outside of rADc domain in TFB2M, suggesting that that might lead to impacts on its gene functions and further studies could be needed. HMG boxes being conserved domains of TFAM protein are widely involved in a variety of important nuclear biological functions, including the regulation of DNA replication, transcription, recombination and repairing (Reeves and Adair, 2005) . Nevertheless, rADc with a property of rRNA (adenine-N6, N6-)-dimethyltransferase activity at the location of the 78th-275th amino acid residues of TFB2M enables TFB2M to be a dual-function protein which is also related to rRNA methyltransferases and possesses marked transcriptional activation properties in vitro. From the perspective of biological processes, TFB2M protein stimulates transcription in collaboration with the HMG box transcription factor, TFAM, and is homologous to rRNA methyltransferases (McCulloch and Shadel, 2003) . Reflecting on the basis of this present study it was postulated that TFAM and TFB2M might play a role in a yetto-be-elucidated mechanism for regulation of adipogenesis-related gene expression thus could be associated with various phenotypic traits.
In this current study, qRT-PCR assays were used to detect the mRNA expression levels of TFAM and TFB2M in the nine tissues of JBP pigs. Results showed that the two genes were ubiquitously expressed but both were characterized by quite lower levels in lung, heart and LDM. Simultaneously, extremely significant differences were observed for two genes among these tissues. Sun (2015) finding the higher expression of TFAM gene in the pituitary gland of Guizhou White Goat hypothesized that TFAM gene might be closely related to the growth of bones and tissues due to the effect of growth hormone secreted by pituitary gland. Additionally, through the investigation of a dynamic pattern of expression of genes involved in mtDNA replication and transcription during mouse white and brown adipocyte differentiation, Murholm et al. (2009) encountered, as for TFAM and TFB2M, that their induction in white adipose tissues following cold exposure, suggests their involvement in the mitochondrial biogenesis occurring during the transformation to a brown adipose tissues-like depot. Not surprisingly, evidently higher two gene mRNA levels, especially for TFAM, were noted in adipose tissues compared with those in LDM, which might indicate high secretory activity of adipocyte tissues and could be linked with the impacts that TFAM and TFB2M have on the mechanism of lipogenesis. The spleen, as an immune organ, regulates humoral immunity and cellular immunity of organism. Previous work by Aharoni-Simon et al. (2011) demonstrated the consequent link of mitochondrial dysfunction with fatty liver disease in mouse. And Liu et al. (2011) also found that the number of lymphocytes in liver tissue of fatty liver decreased, implying that that had a certain impact on immune function. A possible explanation for the high transcriptional levels of the two genes obtained in spleen could also have been due to the effect of TFAM and TFB2M genes on regulation of lipid metabolism. However, there are a variety of elements modulating gene expression level including DNA methylation, histone acetylation, histone methylation, transcription factors and alternative splicing (Su et al., 2011; Robertson et al., 1999) . Hence, further study is suggested to elucidate whether the mechanisms aforementioned affect the expression of TFAM and TFB2M.
Recently, increasing related studies on correlation analysis between gene expression and meat quality, such as drip loss and IMF content, have been reported in pigs (Gandolfi et al., 2011; Hamill et al., 2012) . However, as for TFAM and TFB2M, two important factors of mtDNA transcription machinery, directly involved in energy production and with effects on the formation of marbling which is an indicator of cell number of intramuscular adipose tissue (Cotney et al., 2007; Holloway et al., 2009) , it is the fact that studies on impacts of these genes on pork quality characteristics have been seldom reported. Considering the potential effect of TFAM and TFB2M genes, it was decided to perform an association study with meat and carcass quality traits according to their physiological roles and expression profiles in JBP pigs. Adipose, skeletal muscle and liver are the three major important tissues involved in fatty acid metabolism, thus genes expression in these tissues may be strongly related with traits like marbling score (Guo et al., 2012) . Sun (2015) proposed that there were significant correlations of TFAM and TFB2M gene expression in particular tissues with meat quality and carcass traits in Guizhou goats. In the current study, analysis results inferred that there could be potential causal relationships among the expression levels of TFAM and TFB2M in these detected tissues, especially for LDM and liver tissue, and parts of carcass and meat quality traits. For two genes, significant correlations were found between transcript abundance centered in the tissues of SF, LDM and liver and several traits considered to be the most important factors that determine meat quality like marbling score, WHC, IMF and meat color (Grunert et al., 2004) (Tables 4 and 5 ). It was especially clear that a majority of significant correlation coefficients of the two genes obtained centered upon those fatness-related traits such as BFT, FT 6~7 and FP, which roughly corresponded to the finding obtained by Wilson-Fritch et al. (2004) concerning decreased expression level of nuclearencoded mitochondrial genes accompanying the onset of obesity in mice. Interestingly, significant negative correlations of LP and LEMA, and positive correlation of FP with the expression levels of TFAM were both noted in SF and AF tissues. These findings echoed the assumption mentioned above that the genes weigh somewhat on lipid metabolism and thereby impacted the yield and formation of lean muscle. In the meantime, remarkable correlations of mRNA expression of both genes in LDM with IMF content were paid attention to, which once again may indicate the certain function of the genes in metabolic activity of adipogenesis inside of muscles. In the light of the non-negligible findings that TFAM mRNA expression in adipose tissues is inextricably linked with C 16:0 , C 18:1 , SFA and TUFA , it could be assumed that the biological function of gene might be involved in fatty acid synthesis and degradation, nevertheless, this will need further confirmation.
In other respects, quite a few convincing evidences that are mainly inclined to single nucleotide polymorphism (SNP) study supporting a role of TFAM and TFB2M in regulating mtDNA replication thus indirectly being likely to be responsible for fat metabolism in organism, as well as performance and production of livestock, can be found. Relevant SNPs in TFAM have been revealed to be associated, with subcutaneous fat depth and marbling scores as well as important growth, fertility, milk yield and survival traits, in beef cattle and dairy cows, respectively (Jiang et al., 2005; Clempson et al., 2011) . Likewise, SNP analyses of TFB2M with goat carcass and meat quality traits have been investigated in previous study by Sun et al. (2015) . In reports related to human disease, TFAM was supposed to be one of the DNA markers targeted for therapy of predisposition to obesity, while TFB2M was confirmed to be essential for mitochondrial and cellular function in pancreatic beta-cells and thus be linked with the onset of diabetes (Hudson et al., 2008; Nicholas et al., 2017) . Nevertheless, further studies to verify and confirm the causative relationship between molecular mechanism of these two porcine candidate genes, TFAM and TFB2M, and part of the meat and carcass traits still remain to be explored.
Conclusion
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